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Sphingomonas sp. H 的生理生化特征、对 PAHs 的降解特性、降解条件、降解关
键酶基因、差异表达蛋白质组等方面进行了较为系统的研究，获得的主要结果如
下： 
1. 降解能力测定显示，鞘氨醇单胞菌 H 能以菲和荧蒽作为唯一碳源生长，
并能利用 PAHs 代谢途径中的中间产物，包括 2－萘酚、水杨酸、邻苯二
酚、苯酚和原儿茶酸。利用均匀设计对鞘氨醇单胞菌 H 降解菲的条件进
行优化，DPS 软件数据处理系统分析表明在接种量 OD600 为 0.5，菲起始
浓度为 498.467 mg L-1，降解时间为 47.099 h时，降解速率最大为 8.104 mg 
L-1 h-1，降解率可达 76.6%。 
2. 通过引物设计的方法，从鞘氨醇单胞菌 H 中扩增得到全长的邻苯二酚
-2,3-双加氧酶基因（C23O），从分子生物学角度证明了 PAHs 降解过程中
的重要酶系邻苯二酚-2,3-双加氧酶(C23O)在鞘氨醇单胞菌 H 中的存在。
对 C23O 基因构建了重组表达载体，成功在表达宿主大肠杆菌 E.coli 
BL21(DE3)中进行表达，基因在宿主中以溶解蛋白和包涵体形式同时存
在。可以进一步推断鞘氨醇单胞菌 H 降解菲的基本途径是在 C23O 的作
用下经由水杨酸途径间位裂解(meta-cleavage)苯环，生成 2-羟基粘康酸半
醛（2-HMS），从而降解菲。 





































Polycyclic aromatic hydrocarbons (PAHs) are one class of organic pollutants, 
widely distributed in the environment. They are carcinogenic, teratogenic, and 
mutagenic to living organisms by food chain. It is an efficient way to recover PAHs 
contamination by microbial remediation. It is a hotspot field to construct Genetic 
Engineering Microorganisms (GEMs) capable of bioremediating contaminated 
environment, which denpends on the elucidation of genes and corresponding enzymes 
involved in PAHs degradation and therefore the clarification of genetic regulation and 
metabolism pathways. 
  In this research, strain H was used to study the physiological and biochemical 
features, the PAHs degradative characteristics and optimize the degradation of PAHs,  
identifying the functional genes and enzymes involved in the biodegradation, and 
elucidating PAHs biodegradative pathway. The main results were as follows: 
1. Strain H can utilize a wide range of PAHs made of 2-4 aromatic rings as the 
sole carbon source and degrade these PAH compounds. Use uniform design 
experimentation to optimize the degradation conditions , the degradation 
velocity of phenanthrene (498.467 mg L -1) was largest after 47.099 hours ，the 
density of cells is 0.5(OD600).  
2. Strain H was used to study the enzymes involved in PAHs degradation using 
genomic methods. The gene encoding a key enzyme was cloned and 
overexpressed in Escherichia coli BL21 (DE3). The enzyme is 
catechol-2,3-dioxygenase (C23O), catalyzes the extradiol ring-cleavage of 
catechol. The result indicated the main catabolic pathway of strain H degrades 
PAHs.  
3. Two-dimensional (2D) gel electrophoresis of phenanthrene-induced proteins 
from cultures of strain H was used to detect proteins that increased after 
phenanthrene exposure. Comparison of proteins from phenanthrene-induced 
and uninduced cultures on 2D gels indicated that at least twelve major proteins 
were expressed. Proteins newly induced by phenanthrene were then analyzed 
from the gels by liquid chromatography/tandem mass spectrometry 
(LC-MS/MS). Most of them shared a high degree of similarity with the existing 
database and were responsible for phenanthrene or naphthalene degradation, 















dehydrogenase, 2-hydroxymuconic semialdehyde dehydrogenase. A complete 
phenanthrene degradation pathway for Sphingomonas sp. H based on this 
results was proposed. 
 








































所”，根据 Witt 等[6]研究表明在波罗地海，与表层水相比表层沉积物中的 PAHs
含量要高出 105-106，海水中以 2-3 环的 PAHs（萘、苊烯、菲）占主导，而在




















PAHs 进入生物体内后，首先被细胞色素 P450 依赖性的混合功能氧化酶
(MFO)代谢，将氧引入底物分子，然后一些内源性分子如谷胱甘肽、葡萄糖醛酸
等在第二阶段酶的催化下被氧化后的 PAHs 代谢物结合形成低毒而且易于排除
的产物。但某些 PAHs 经细胞微粒体中的混合功能氧化酶 MFO 激活后转化为
致癌物。芳烃类致癌物的结构/活性相关研究的结果认为，PAHs 是通过在蛋白质
的酮-稀醇互变异构过程中起一种催化作用，从而导致了细胞蛋白质分子的不可




由于 PAHs 化学结构的特性 它能稳定地吸收可见光（400-760 nm）和紫外
线（280-400 nm），而且对紫外线辐射的光化学效应特别敏感，越来越多的证据
表明 PAHs 对水生生物的真正威胁来自于紫外线辐射后产生的光诱导毒性。即
使当水中 PAHs 含量远低于其溶解性范围时，光照也可以诱导或者是显著增强 
PAHs 对鱼类的毒性。表 1-1 列举了部分 PAHS 的毒理特性。 
1979 年，美国环保局( EPA) 首先公布 129 种优先监测污染物，其中 PAHs
有 16 种（图 1.1）。而后欧洲将 6 种 PAHs ( F1、 B[ b ]F1、 B[ k ]F1、 B[ a ]Py、 










尼亚州的 Ambler 管线泄漏的汽油是史料所记载的首次应用。1989 年美国环境保


























表 1.1 PAHs 的毒理特性[21] 












Acp ND -,? +Ames 
Flu ND - - 








Chr Mouse, LD50=320ppm + +Ames,+SCE,+CA 
B(a)A ND + +Ames,+SCE,+UDS 
B(k)F  -  
B(b)F  +  
B(a)P Mouse, LD50=250ppm  +Ames,+SCE,+UDS,+DA,+
CA 
注：DA=DNA adducts 
SCE=sister chromatid exchange 
CA=Chromosomal aberration 
Ames=Salmonella typhimurium reversion assay 
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